Calixarenes can be considered as macrocycles or perfectly defined cyclic oligomers. Their potentiel applications, determined from industrial chemistry publications and existing patents are presented. Non modified calixarenes and calixarenes modified by chemical reactions are successively taken into account. The latter may be considered as "molecular platforms" to which functional groups are fixed. The described applications concern, recovery of caesium and uranium, lanthanide sequestration, separation of neutral organic molecules, stabilizers for organic polymers, pollution control selective complexation of neutral cations, phase transfer agents, accelerators for instant adhesives, ion scavengers for electronic devices, Langmuir-Blodgett film and membranes, catalytic properties.
The methylene group can itself be substituted or replaced by other groups such as -CHz-O-CH2-. This gives rise to oxacalixarenes such as the following bis-homooxacalix [4] arene.
There are numerous other possibilities to obtain new calixarenes. This demonstrates the wealth of this class of products and the possibilities to obtain substances with interesting properties.
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Furthermore calixarenes are characterized by a set of specific properties for example : -well defined oligomer, -large thermal stability as phenoplasts, -good chemical stability as phenoplasts, -very high melting points, -very low solubility in many solvents and good solubility in certain solvents, -possible functionalization, -good flexibility of many calixarene molecules, -large variety of calixarene molecules with various sizes of cavities, -good properties of complexation with metals and neutral molecules, -good properties of selective complexation, -not very expensive macrocycles compared with crown-ethers and cryptates, and high-value products as compared with phenoplasts.
Calixarenes can be considered from two points of view : either as macrocycles in the same way as crown ethers and cryptates, in which case they are notably relevant to supramolecular chemistry, or as perfectly defined cyclic phenolic oligomers, in which case they are relevant to macromolecular chemistry.
Potential applications of calixarenes determined from industrial chemistry publications and existing patents will be presented within the framework of supramolecular and macromolecular chemistry without distinction. Certain studies have already been analysed up to 1988 (ref. 1 and 2). Since this date other publications and patents have appeared. By taking into account all this available information, we will present the main applications of calixarenes, with the help of selected examples. Firstly, applications of non modified calixarenes will be described. In a second part, calixarenes modified by chemical reactions will be presented. According to Reinhoudt (ref.
3), such calixarenes can be considered as "molecular platforms" to which functional groups are fixed.
APPLICATIONS OF NON-MODIFIED CALIXARENES

-1. Recovery of caesium
The patent (ref. 4) for the recovery of caesium is the oldest concerning non modified calixarenes. This patent describes a process for recovering metallic cations, at high concentration, from solutions of nuclear waste materials. As schematically shown in figure 1 , the process involves three liquid phases. The first phase is aqueous and contains a plurality of degradation products of uranium splitting which have molecular weights of about half the molecular weight of uranium, including caesium. The second phase is made of a certain percent of dichloromethane and carbon tetrachloride. 1 mM solution of calix [s] arene is prepared with the second phase. The third phase is distilled and deionized water. The second phase acts as a liquid membrane allowing the metallic cations to migrate from the first phase to the third one. Table 1 illustrates the relative transport rates utilising various aqueous metal hydroxides for this system, with the main result that the transport rate for Cs+ is about 100 times higher than for K+, Na+, and Li+ and 6 times higher than for Rb+. Although no actual data are given for mixtures of metal cations in this patent, a later publication of the same authors also describes ion transport experiments with various mixtures of alkali metal ions. The low solubility of these calixarenes in aqueous media ensures that loss from the organic membrane is minimal. However, these non modified calixarenes are also rather sparingly soluble in the organic membrane, which for effective practical devices is a rather limiting factor. The above system also works only with a rather strongly basic source phase (ref. 5) , suggesting, that at least one hydroxyl proton has to be removed during the complexation of the Cs+ cation. Thus a neutral complex is formed in the organic membrane and the system offers potential for coupling cation transport to the reverse flux of protons. [8] arene provides a ready means of converting all the lanthanides to organic-solvent soluble complexes, suggesting that it might be used in solvent extraction and purification of the lanthanides as well as in lanthanide ion catalysis of reactions in apolar solvents. Though present indications are that the kinetics of complex formation and breakdown may be too slow for efficient solvent extraction processes, it may be possible to modify the tert-butyl substituents in such a way as to overcome this difficulty.
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Stabilizers for organic polymers
The thermally stable and non volatile nature of calixarenes allow their use as antioxidants for organic polymers. Seiffarth Since these studies, the same authors have taken out numerous other patents in this area (ref. 8,9, 10). These concern above all, the use of modified calixarenes in comparison to the non-modified calixarenes.
Separation of neutral organic molecules
The ability of the calixarenes to "host" neutral organic molecules has led Perrin et al (ref. 11) to use paraalkylcalixarenes for separation of the isomeric xylenes. Figure 4 shows the separation obtained on shaking a mixture consisting of equal quantities of the three xylene isomers with different calixarenes in comparison with benzopinacol. The most striking results concern the specificity of pisopropylcalix [4] The phenomenon of molecular recognition could be explained by the greater number of efficient approaches between the p-xylene and the calixarene in comparison to the other two isomers. This mainly results from the fact that the approach following the axis of symmetry of the p-xylene molecule is identical in both directions, which is not the case for the other two isomers. The molecular recognition of xylenes by paraisopropylcalix [4] arene could play an important part in the industrial separation of xylenes. Gutsche et al (ref. 13 ) have studied the interaction of p-allylcalix [4] arene with amines in acetonitrile. They postulate that an endocalix complex is formed in a two-step process with tert-butylamine but not with tert-pentylamine. This observation could lead to a method for the separation of amines.
Pollution control
In a recent patent Wainwright (ref. 14) proposes a method for the removal of organic compounds, particularly polar hydrocarbons such as halogenated hydrocarbons with non-solvated calixarene compounds., The chlorination of water supplies for the purpose of improving their microbiological quality has been common practise since 1908. However, in 1974, it was discovered that an undesirable side reaction occurred within a chlorinated supply through reaction of the chlorine with naturally occurring humic and, fulvic acids that resulted in the formation of trihalomethanes. As a consequence of this, chloroform and if bromide ions are present, dichlorobromomethane, chlorodibromomethane and bromo-form, which have carcinogenic properties are frequently encountered contaminants in water supplies for use in the home and in industry. Wainwright has discovered that a solution of tert-butylcalix [6] arene has a remarkable propensity for sequestering trihalomethane molecules (figures 6 and 7) with high rates of reaction, yielding inclusion compounds of relatively high stability. In order to obtain high reactivity in a solid phase the calixarene compound is preferably attached to a solid support. Table 3 shows that modifying a calixarene, greatly modifies the extraction properties. [5] and calix [6] arenes have ideal architectures for the design of uranophiles, because introduction of ligand groups into each benzene unit of these calixarenes provides exactly the required pseudoplanar penta and hexacoordinate structure.
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Selective complexation of metal cations
The use of non modified calixarenes in selective complexation of metal cations is severely limited by their low solubility in organic solvents and in water and their limited metal cation binding ability particularly in neutral to acid media. Numerous variations of the residues attached to the phenolic groups of the non modified calixarenes are described in the literature and various examples are discussed by Ungaro 
Phase transfer agents
The calixarene I11 was found to improve significantly the yield of product of the nucleophilic displacement of bromide in phenacyl bromide by acetate or by aide in acetonitrile (ref. 18 ). The patents which concern calixarene preparation have not been taken into account. They are also of importance as it is necessary to obtain sufficient quantities of the product in order to study the possible applications.
